Background-We examined whether waist circumference (WC) and self-reported abdominal size changes can estimate visceral adipose tissue (VAT) changes for those initiating antiretroviral therapy (ART).
Introduction
Cardiovascular disease (CVD) continues to be an important cause of morbidity and mortality among human immunodeficiency virus (HIV) infected individuals on effective long-term antiretroviral therapy (ART). [1] [2] [3] Both HIV infection and ART may play a role in the etiology of CVD. [1] Fat changes during therapy include fat loss or lipoatrophy and fat gain or lipohypertrophy. Studies have found that central fat gain continues to frequently occur in the contemporary ART era, and often includes increases in visceral adipose tissue (VAT), which has been found to be an important risk factor for cardiovascular disease. [4] [5] [6] [7] VAT, the deep adipose tissue depot that surrounds the abdominal organs, has been shown to be metabolically more active than subcutaneous adipose tissue (SAT) and more involved in lipolytic activities and release of pro-inflammatory cytokines. [8] Excess VAT has been associated with insulin resistance, glucose intolerance, dyslipidemia, systemic inflammation, and with elevated CVD risk. [9] [10] [11] In HIV-infected individuals, increased VAT has been found to be a predictor of coronary artery calcium (CAC) score, a marker of atherosclerosis. [12, 13] This increase in CVD risk associated with VAT may be higher in HIV-infected individuals compared to uninfected individuals. The Fat Redistribution and Metabolic Change in HIV Infection (FRAM) study found that increased VAT is associated with increased Framingham Risk Scores, and this effect is more pronounced in HIV-infected individuals compared to HIV-negative controls. [14] In addition, increased VAT in HIV-infected individuals is associated with a higher odds of 5-year all-cause mortality. [15] This suggests that VAT accumulation is an important CVD risk factor that should be monitored in HIV-infected individuals.
VAT and other body fat measurements are currently conducted using computed tomography (CT) or dual x-ray absorptiometry (DXA). These techniques, although valid, are expensive and not readily available in clinical practice, making routine monitoring of body fat changes difficult. Self-reported abdominal change perceptions and waist circumference (WC) measurements could potentially prove to be more accessible alternatives for clinicians and for clinical research studies in low resource settings. WC has been found to be strongly associated with visceral and abdominal fat in the general population, and is therefore regarded as a valid measure of regional fat distribution despite its inability to distinguish between VAT and SAT. [16] [17] [18] [19] [20] However, the validity of WC changes has not been extensively examined, particularly in the HIV-infected population.
Prior studies have explored whether self-reported fat changes correlate with objective measurements of fat changes. However, such studies are limited, have conflicting results, and have not specifically addressed abdominal fat gain. Several of these studies employed cross-sectional designs, which did not use longitudinal measurements of fat change to predict self-reported lipoatrophy or lipohypertrophy. [21] [22] [23] [24] The purpose of this research is to assess whether measured WC and self-reported abdominal changes in patients with HIV prove to be correlated with CT-and DXA-measured changes in central adiposity using prospectively collected clinical trial data, and could therefore be used as valid, cost-effective alternatives to these more labor-intensive and expensive methods of body composition assessment.
Methods

Study Population
This retrospective cohort study was conducted using data from the AIDS Clinical Trials Group (ACTG) A5257 clinical trial and A5260s substudy, and was approved by the UCLA Institutional Review Board (IRB). A5257 was a phase III randomized clinical trial comparing the virologic efficacy and tolerability of three non-nucleoside reverse transcriptase inhibitors (NNRTI) sparing antiretroviral regimens comprised of Tenofovir Disoproxil Fumarate/Emtricitabine (TDF/FTC) plus Atazanavir/Ritonavir (ATV/r), Darunavir/Ritonavir (DRV/r), or Raltegravir (RAL). The A5260s substudy was designed to evaluate the effects of HIV disease and ART on cardiovascular and metabolic outcomes. The design and results of the main study and substudy have been previously reported. [25] [26] [27] [28] [29] [30] In order to be eligible for the A5260s substudy, participants had to be enrolled in A5257. Participants were excluded if they had diabetes mellitus, known CVD, untreated hypothyroidism/hyperthyroidism, or were using statins or other hypolipemic agents. Participants also could not have intention to start pharmacological or surgical intervention for weight loss. Randomization, stratification, and treatment assignments were given as per the A5257 protocol. Participants enrolled between June 2009 and April 2011 at 26 ACTG sites in the United States. The duration of the A5260s substudy was 144 weeks. The substudy required participants to have comprehensive metabolic tests and body composition measurements.
Data Collection
Demographic and Anthropometric Data-The demographic information, including race/ethnicity, age, and sex, collected at baseline as part of the parent study, was used for these analyses. Baseline BMI (in kg/m 2 ) was categorized according to the CDC definitions: underweight as a BMI below 18.5 kg/m 2 , normal weight between 18.5 kg/m 2 -24.9 kg/m 2 , overweight between 25.0 kg/m 2 -29.9 kg/m 2 , and obese at 30 kg/m 2 and over. [31] Self-Reported Abdominal Change-The A5257 body image questionnaire was adopted from the FRAM study (NIH Grants: R01DK57508, R01HL74814, and R01HL53359) [32] , and included self-reported measures on perception of current body weight, and assessment about gain or loss of size in specific regions of the body. This analysis focused on self-reported belly size changes only. While the questionnaire was selfadministered, participants could request help from the clinical staff for assistance in reading or understanding the questions. The questionnaire responses from week 96 were used to examine self-reported belly size changes from baseline, which were scored as "No Change/ Lost", "Gained Some/Somewhat Larger", and "Gained A Lot/Much Larger".
Waist Circumference Measurements-WC (in cm) was measured during study visits by trained clinical staff at week 0 and week 96. Participants were told to stand erect, relaxed, and to not hold in their stomach during measurement. A mid-waist circumference measurement was taken at the level of the upper border of the right ilium. Each measurement was conducted post exhalation with the tape measure parallel to the floor. The WC was required to be measured in triplicate for each participant. The average of the provided readings was used as the final WC value.
DXA Trunk Fat Measurements-Whole body DXA measurements were conducted in the A5260s substudy at entry and at week 96. DXA measurements of regional body fat content were performed in an anteroposterior view using either a Lunar or Hologic scanner at the local site. The DXA scan was used to measure regional trunk fat mass (in kg). All scans for each participant were performed on the same machine model throughout the study. DXA scans were centrally read at the Body Composition Analysis Center at Tufts University (Boston, MA, USA) by staff blinded to treatment assignment and clinical characteristics.
CT Abdominal Fat Measurements-Non-contrast single slice abdominal CT scans at
the L4-L5 level were also conducted at baseline and at week 96. The CT scan was used to measure VAT and TAT by taking cross-sectional images of the abdominal area (in cm 2 ). All scans for this study were performed on an approved scanner, using the same software version and same type of instrument. CT scans were centrally read at the LA Biomed CT Reading Center (Torrance, CA, USA) by staff blinded to treatment assignment and clinical characteristics. 
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In absence of a week 96 visit, self-report responses or waist circumference, DXA or CT measurements closest to this time within an 8 week window before and after week 96 were used.
Data Analysis and Statistical Methods
ANOVA was used to determine whether the self-reported perception of body image at week 96 was associated with absolute measurements of body fat change, by examining whether group means of CT-and DXA-measured fat change were not equal across the self-reported categories. Specifically, self-reported change was used as a categorical predictor variable and trunk fat, VAT, and TAT changes between week 0 and week 96 were used as continuous outcome variables. Pairwise contrasts were used to analyze differences in measured fat between specific self-reported categories, using the Tukey-Kramer method to adjust for multiple comparisons. Stratified analyses were also performed to look at the association in subgroups defined by sex, race, baseline BMI, and age.
Pearson coefficients were used to examine the strength of the correlation between the absolute changes in WC and CT-and DXA-measured fat between baseline and week 96. Changes in WC, trunk fat, VAT, and TAT between week 0 and week 96 were continuous variables used in this analysis. Correlations between WC and trunk fat, VAT, and TAT changes were also examined for sex, race, baseline BMI, and age subgroups.
Separate models with WC and self-reported abdominal changes as single predictors were compared to joint models that included both variables together in order to examine the relative importance of WC and self-reported changes in explaining the variation in trunk fat, VAT, and TAT changes between week 0 and week 96. The Tukey-Kramer multiple comparisons adjustment method was used for pairwise contrasts between self-reported categories. All analyses were performed using SAS Software, Version 9.4 of the SAS System for Windows (© SAS Institute Inc, Cary, NC).
Results
Study Participants
Of the 334 participants initially enrolled in A5260s, 3 did not meet the study eligibility criteria and 3 were lost to follow-up immediately following enrollment. Details about participant disposition can be found in McComsey et al. (2016) . [30] Our resulting analysis population consists of the 328 HIV-infected adults in A5260s whose age ranged from 19 to 72 years and averaged 37 years ( Those who did not have week 96 follow-up measurements for each abdominal fat type, selfreport, or waist circumference showed baseline and demographic characteristics that were representative of the overall substudy population of 328 individuals.
Self-Reported Abdominal Size Changes
The overall and sex specific average trunk fat, VAT, and TAT measured changes from week 0 to week 96 across self-reported categories can be found in Table 2 . As participants reported gaining more abdominal size, the measured changes also increased accordingly ( Table 2 , Figure 1 ). This trend was consistent for males, however, it was not seen for trunk fat and TAT in the small female group.
ANOVA models revealed that measured average changes in trunk fat, VAT, and TAT were not the same across self-reported groups in the overall substudy population (Overall p<0.0001). For trunk fat, when compared to the reference "No Change/Lost" group, the "Gained A Lot/Much Larger" group had greater mean gains in fat (differential mean change of 4.1 kg, 95% CI: 2.8 to 5.5) than the "Gained Some/Somewhat Larger" group (differential mean change of 1.9 kg, 95% CI: Subgroup results for males showed similar trends to the overall cohort results for differential mean changes of trunk fat, VAT, and TAT relative to the reference category "No Change/ Lost". Analyses for females were not sufficiently powered to draw conclusions about differences in self-reported categories. A sensitivity analysis was conducted for the females by pooling the two self-reported size gain categories together. While those that reported gaining size actually gained more abdominal fat than those reporting "No Change/Lost" for trunk fat, VAT, and TAT, the results indicated that the two groups were not statistically different.
Stratified analyses for trunk fat, VAT, and TAT also failed to show trends in the obese BMI, Hispanic, and age 18-30 subgroups, which similarly had lower sample sizes. From the sensitivity analyses grouping the two self-report gain categories together, the Hispanic and age 18-30 subgroups additionally showed a significant difference between self-reported groups for each of the measured fat types, with the pooled self-reported gain groups showing higher gains in abdominal fat compared to the "No Change/Lost" group.
Waist Circumference
The median change in WC between entry and week 96 was 2.83 cm (N=287; Q1 25%: −1.50 cm; Q3 75%: 6.47 cm). Pearson correlation tests showed strong correlations between changes in WC and changes in trunk fat, VAT, and TAT (trunk fat: ρ=0.72, p<0.0001; VAT: ρ=0.52, p<0.0001; TAT: ρ=0.62, p<0.0001) ( Table 3 ). Correlations of similar size between WC and each type of abdominal fat change were also observed in all subgroups, except for VAT and TAT in females and VAT in the obese. Figure 1 shows changes in WC plotted 
Self-Reported Abdominal Size and Waist Circumference Joint Models
Individual predictor models of self-reported size change and WC change separately were compared to joint models including both measurements with each of the abdominal fat measures as outcome variables ( Table 4 ). The individual predictor models show that selfreported abdominal change and WC change were each associated with the measured abdominal fat changes separately (p<0.0001). The R 2 values for each of the joint models were modest (trunk fat: R 2 =0.54; VAT: R 2 =0.30; TAT: R 2 =0.40). When included together in the model, both WC (p<0.0001) and self-report (p<0.05) continued to remain significant predictors of trunk fat, VAT, and TAT changes, even though the R 2 value did not change dramatically from the WC-only model. When examining the differential mean changes of trunk fat, VAT, and TAT compared to the reference group "No Change/Lost", the coefficient for the "Gained A Lot/Much Larger" group was significant (p<0.05), while the coefficient for "Gained Some/Somewhat Larger" was no longer significant for trunk fat and VAT (Table  4 ). When adjusting for multiple comparisons in the joint model, the pairwise contrast between the "Gained A Lot/Much Larger" group and the "No Change/Lost group" remained statistically significant (p<0.05) for the trunk fat, VAT, and TAT models.
Discussion
Findings from this longitudinal study indicate that both WC and self-reported abdominal size changes appear to be correlated with standard measurements of abdominal fat change, including visceral adipose tissue accumulation. Both WC and self-reported abdominal changes were correlated with CT and DXA measurements and explained a moderate proportion of the variation in these objective measurements. Previous studies have shown a range of results concerning the validity of self-reported fat changes. A cross-sectional study of HIV-infected individuals in the thymidine nucleoside reverse transcriptase inhibitor era found a significant correlation between DXA measurements of limb fat and lipoatrophy scores independently reported by both physicians and participants. [21] In addition, it has been found that in HIV-infected women, triceps and thigh skinfold thicknesses as well as DXA measured lower limb fat were predictive of self-reported lipoatrophy, and that waistto-hip ratio and DXA trunk fat/percentage limb fat were predictive of self-reported lipohypertrophy. [22] Another cross-sectional study of HIV-infected individuals found that self-assessment of both central fat adiposity and peripheral lipoatrophy did not agree with clinical assessment. [23] By using longitudinal measurements over 96 weeks after ART initiation, our study specifically addressed whether self-reported abdominal size changes relative to treatment initiation correlated with centrally read and standardized imaging of central fat using CT and DXA scans. Results from a previous longitudinal study suggested that self-reported lipoatrophy of extremities is not related to DXA measurements in HIVinfected individuals initiating treatment. However, this study did not specifically examine increases in abdominal visceral adipose tissue. [24] It is important to note that these research studies were also conducted in different HIV patient populations, which may have contributed to variation of results.
In our study, subgroup analyses revealed that the usefulness of self-reported abdominal changes may vary by sex, age, and BMI subgroup. The limited female enrollment in the A5260s study resulted in insufficient power to detect differences across self-reported categories. For the female subgroup, our results cannot confirm that self-reported abdominal change is directionally consistent with measured trunk fat and TAT increases. Previous research has shown that women tend to misreport weight more than men, indicating that self-reported size gains may not be an ideal measurement for this demographic. [33, 34] Further research is needed to validate this form of measurement in the female population. It has also been found that being older or overweight/obese was also associated with misreporting. [33] Our study also had smaller sample sizes resulting in lower power for the obese and older age subgroups.
Results from this study show that WC measurements are correlated with abdominal fat changes, specifically CT-measured VAT, both overall and by sex, race, age, and BMI subgroups. Previous analyses have shown that CT-measured VAT has been highly associated with WC in cross-sectional settings. [18] [19] [20] A recent cross-sectional study of HIV-infected men reported a substantial correlation (ρ=0.613) between WC and CT-measured VAT, and found a limited proportion of variation in VAT explained by WC (R 2 =0.35). While the authors of this study concluded that WC was not a reliable predictor of VAT, it is clear that WC does appear to be indicative of VAT levels and may be useful for tracking changes in body composition. [35] In contrast to these studies, our research addressed changes in both WC and abdominal fat over time and showed that WC increases are also a good indicator of changes in abdominal fat.
WC has been shown to be highly associated with cardiometabolic risk. [10, 36] Although WC is not a widely utilized clinical measure, its usefulness in practice as a predictor of cardiometabolic risk has been recognized. [37] Showing that changes in WC reflect adipose accumulation, including VAT increases, further supports its usefulness as a monitoring tool for HIV-infected individuals, who are more prone to abdominal lipohypertrophy.
We show that both WC and self-reported abdominal changes can be utilized to monitor abdominal fat gain in HIV-infected individuals. Between WC and self-reported changes, WC accounts for most of the variability in predicting abdominal fat changes, however, selfreported abdominal size changes may give additional information about those with extreme changes in abdominal fat after treatment initiation, as seen in the joint models with WC.
One limitation of this study is that the results do not indicate whether WC is more strongly correlated with CT-measured VAT or TAT, or DXA-measured trunk fat. Other limitations include the small sample size for the female and extreme BMI subgroups, which reduced the power for those analyses. In addition, our results may not be generalizable to the broader HIV-infected population due to the restrictive inclusion and exclusion criteria of the randomized controlled trial. An important strength of our study is that it was conducted using prospectively collected clinical trial data that specifically addressed the association between WC and self-reported abdominal size changes with changes in standard measures of abdominal fat over 96 weeks. To our knowledge, such proxy measurements for changes in abdominal fat have not been widely examined.
HIV-associated abdominal lipohypertrophy remains a highly prevalent medical issue for HIV patients on antiretroviral therapy. [38] [39] [40] [41] Monitoring visceral adipose accumulation is especially important for HIV-infected patients, who are at a higher risk of metabolic abnormalities and cardiovascular disease. WC and self-reported abdominal size changes are more accessible and affordable forms of body fat assessment that can be adopted by clinicians as valid measures of fat gain for HIV-infected patients undergoing ART. These measures will be especially valuable in resource-limited settings that do not have access to extensive tests, as well as clinical trial settings for ease of monitoring fat changes in larger study populations.
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